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CHAPTER 1 
 
 
 
 
INTRODUCTION 
 
 
 
 
1.1 The Palm Oil Industry in Malaysia 
 
 
The oil palm industry in Malaysia had a humble beginning.  From a mere four 
original palms introduced from West Africa to the Bogor Botanical Gardens, Indonesia in 
1848, their seeds soon arrived on Malaysian shores in 1871 (Basiron and Chan, 2004).  
Over the next four decades, the rubber companies in Malaysia saw their planters learning 
how to grow the crop in the country.  The R&D undertaken soon showed the potential of 
the new crop.  Following this effort, the first commercial planting was done in 1911 at 
Tenammaran Estate, Kuala Selangor.  There was the success of the crop that the area 
expanded quickly, the most rapid increases occurring during the 1930s, 1970s and 1980s.  
The growth in area during the various decades of the last century in Malaysia is shown in 
Table 1.1.  At the end of 2000, the area stood at 3.376 million hectares, producing 10.842 
million tonnes of palm oil, 3.162 million tonnes of palm kernel, 1.384 million tonnes of 
palm kernel oil and 1.639 million tonnes of palm kernel meal. 
 
 
 
 
 
 
 
 
 
 
Table 1.1: Area of oil palm planting and growth in the decades of the last century 
(Basiron and Chan, 2004). 
 
Years in decades Hectares % Growth 
1870-1910 <350 - 
1920 400 14.2 
1930 20 600 5050.0 
1940 31 400 52.4 
1950 38 800 23.5 
1960 54 638 40.8 
1970 261 199 378.0 
1980 1 023 306 291.8 
1990 2 029 464 98.3 
2000 3 376 664 66.3 
 
 
In the early 1960s, the returns from oil palm were found to be better than rubber 
and most of the plantation companies soon had a mix of both crops as their core business.  
It was Tun Abdul Razak Hussein, the then Deputy Prime Minister of Malaysia, who 
called for greater diversification into oil palm.  With diminishing returns from the then 
two major commodities of the country, tin and rubber, oil palm should be used as the 
vehicle to eradicate rural poverty.  The government’s three rural development agencies, 
Federal Land Development Authority (FELDA), Federal Land Consolidation and 
Rehabilitation Authority (FELCRA) and Rubber Industry Smallholders’ Development 
Authority (RISDA) were responsible for planting oil palm with large areas of land that 
were rehabilitated or newly opened (Basiron and Chan, 2004). 
 
 
Landless people were placed as settlers in the newly opened land schemes.  
Malaysian government provided them housing and infrastructure including community 
halls, schools, health clinics, shops and roads.  Initially, the government supported their 
livelihoods until the oil palm matured when the income from the crop was sufficient to 
pay off their loans.  In doing so, the government was able to alleviate rural poverty using 
the oil palm as the vehicle to do so. 
 
 
Initial R&D into the crop was carried out by the government sector, the 
Department of Agriculture.  Together with the private research companies of the major 
plantation groups, the work included collecting breeding materials and experimentation in 
breeding, agronomy and palm oil chemistry.  It was in 1969 when the Malaysian 
Agricultural Research Development Institute (MARDI) was established that the mandate 
for oil palm research was taken over from the Department of Agriculture.  The task was 
later handed to the Palm Oil Research Institute of Malaysia (PORIM) following its 
establishment in 1979.  On 1 May 2000, PORIM was merged with the Palm Oil 
Registration and Licensing Authority (PORLA) to form the Malaysian Palm Oil Board 
(MPOB) (Basiron and Chan, 2004).  The mission of MPOB is to support the well-being 
of the oil palm industry in Malaysia in all aspects of its activities through research, 
development and services. 
 
 
The oil palm only grows well in tropical climates and so all the palm kernel 
producing countries are in Southeast Asia, Sub-Saharan Africa and South America 
(Pantzaris and Ahmad, 2001).  Figure 1.1 shows the production and exports of the top 
four producing countries.  The largest producer by far is Malaysia, which currently 
accounts for more than 50% of world production. While two countries, Malaysia and 
Indonesia together, account for about 80% of production and 88% of exports.  No other 
country produces more than 7% or exports more than 3% of the world total. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1.1: The top four palm kernel oil production and exports countries (Pantzaris and 
Ahmad, 2001). 
 
Until the mid 1970s, Nigeria was the world’s largest producer of palm kernels 
while Europe did most of the crushing and was effectively the world’s largest palm kernel 
oil producer.  But now all the crushing is done in the producing countries and Europe 
does no palm kernel crushing at all.  From 1977, Malaysia overtook both Nigeria and 
Europe to become world’s biggest producer of palm kernels and of palm kernel oil.  
However, in the last few years, her oleochemical industry has been absorbing very large 
and increasing quantities of the oil and her lead in exports have been reduced.  In fact, 
Indonesia’s exports were higher than Malaysia’s in 2000 (Pantzaris and Ahmad, 2001). 
 
 
The oil palm industry worldwide has provided the fastest increase in global oils 
and fats supplies over the last four decades.  World palm oil production increased 20-fold 
from a mere 1.2 million tonnes in 1962 to 25.0 million tonnes in 2002 (Basiron et al., 
2004).  The share of palm oil production in the world oils and fats complex has increased 
markedly by five-fold from 4% in 1962 to 20.8% in 2002, as compared to the only two-
fold increase experienced by soybean oil during the same period.  The spiky increase in 
palm oil output was mostly triggered by continued worldwide expansion of the oil palm 
planted area and the mature area coming into production as well as growing world 
demand for vegetable oils as in Table 1.2. 
 
 
Table 1.2: Palm oil expansion in production (Basiron et al., 2004). 
 
Oils/fats 1962 (‘000 t) 
% 
Share 
2002 
(‘000 t) 
% 
Share 
40yrs Average 
Growth p.a. (%) 
World oils/fats production 30 779 - 120 477 - 3.5 
Palm oil 1 234 4.0 25 034 20.8 7.8 
Soybean oil 3 432 11.2 29 748 24.7 5.5 
Rapeseed oil 1 163 7.5 13 326 11.1 6.3 
Sunflower oil 2 294 3.4 7 611 6.3 3.0 
Animal oils/fats 12 040 39.1 22 588 18.7 1.6 
 
 
The status of palm oil as it is today in the world market is without doubt due to the 
significant contribution by the Malaysian palm oil industry (Basiron et al., 2004).  Both 
Malaysia and Indonesia continue to remain the largest producers of palm oil, accounting 
for 84% of the world production in 2002.  In fact, the country has become a role model 
for many other palm oil producing countries in their plans to urge economic development 
in the agricultural sector as well as to gain foreign exchange through exports of surplus 
production.  In addition, oil palm is also featured as an important socio-economic crop in 
most producing countries especially for alleviating rural poverty amongst poor farmers.   
 
 
The raw materials used in the manufacture of oleochemicals were mainly tallow, 
coconut oil or palm and palm kernel oils.  Malaysia being the world’s largest producer of 
palm oil and palm kernel oil is undeniably in a particularly favourable position to become 
a major supplier of raw materials for both the local and overseas oleochemical industries 
(Ooi and Yeong, 2000).  The oleochemicals that produced from palm oil and its products 
are widely used in lubricants, plastics, resins, soaps, surfactants, emulsifiers, cosmetics, 
toiletries and textile chemicals. 
 
 
Over the last three decades, the Malaysian palm oil industry has grown to become 
an important agricultural based industry.  Malaysian palm oil accounted for about 52% of 
the world palm oil outputs and this industry generated RM 13 billion in export earnings 
for the country (Ahmad et al., 2005).  The palm oil industry faces the challenge of 
balancing the environmental protection, its economic viability and sustainable 
development.  There is an urgent need to find a way to preserve the environment while 
keeping the economy growing (Ahmad et al., 2003). 
 
 
 
 
1.2 Properties of Palm Oil  
 
 
The cultivation of palm oil tree Elaeis Guineensis has expanded significantly over 
recent years as the demand for vegetable oils increases (Borja and Banks, 1994).  The 
female bunch bears about 2,500 to 3,000 fruits borne on 100 to 120 spikelets attached to a 
peduncle from the axil of a frond. The fruits produce two main products, palm oil from 
the outer mesocarp and palm kernel oil from the kernel within the nut (Basiron and Chan, 
2004).  This tree is generally believed to have originated in the jungle forests of East 
Africa and there is some evidence that palm oil was used in Egypt at the time of the 
Pharaohs, some 5000 years ago, but now its cultivation is confined mostly to Southeast 
Asia.  The variety cultivated in nearly all the world’s plantations is the hybrid Tenera, the 
cross between Dura and Pisifera, which gives the highest yield of oil per hectare of any 
crop (Pantzaris and Ahmad, 2001).   
 
 
Generally, the oil palms in Southeast Asia yield about 4 tonnes of palm oil, 0.5 
tonnes of palm kernel oil, and 0.5 tonnes of palm kernel meal, with the income equivalent 
to more than 4.5 tonnes of oil.  Nearly for every 8 tonnes of crude palm oil produced at 
the mill, about 1 tonnes of palm kernel oil is produced.  The palm fruit looks like a plum.  
The outer fleshy mesocarp gives the palm oil, while the kernel, which is inside a hard 
shell, gives the palm kernel oil and it is rather strange that the two oils from the same fruit 
are entirely different in fatty acid composition and properties.  Unfortunately, the two oils 
had often been confused by nutritionists in earlier days.   
 
 
In palm oil, most of the fatty acids are C16 and higher, while in palm kernel oil, 
they are C14 and lower.  Palm oil has iodine value (IV) 50 minimum, while palm kernel 
oil has 21 maximum.  Semi-solid in temperate climates, palm kernel oil can be 
fractionated into solid and liquid fractions known as stearin and olein respectively.  These 
are then physically refined, bleached and deodorized or chemically neutralized, bleached 
and deodorized to give the RBD and NBD grades used in the food industry (Pantzaris and 
Ahmad, 2001).  The process of fractionation can be carried out either before or after the 
refining, according to conditions. 
 
 
 The major fatty acids in palm kernel oil are C12 (lauric acid) about 48%, C14 
(myristic acid) about 16% and C18:1 (oleic acid) about 15%.  No other fatty acid is 
present at more than 10% and it is this heavy preponderance of lauric acid, which gives 
palm kernel oil and coconut oil, their sharp melting properties, meaning hardness at room 
temperature combined with a low melting point (Pantzaris and Ahmad, 2001).  This is the 
outstanding property of lauric oils, which determines their use in the edible field and 
justifies their usually higher price compared with most other oils.  Because of their low 
unsaturation, the lauric oils are also very stable to oxidation.  Table 1.3 shows the fatty 
acid composition of palm kernel oil, its similarity to coconut oil and their differences 
from palm oil, the co-product of palm kernel oil and typical non-lauric fat.  Even after full 
hydrogenation, the melting point of palm kernel oil does not rise much above mouth 
temperature and fractionation gives a stearin which is even sharper melting. 
 Sharp melting fats leave a clean, cool, non-greasy sensation on the palate, 
impossible to match by any of the common non-lauric oils.  Figure 1.2 shows the melting 
behavior in terms of solid fat content (SFC) values of palm kernel oil (PKO), palm kernel 
stearin (PKS) and hydrogenated palm kernel stearin of melting point 35ºC (HPKS 35), 
together with cocoa butter (CB) and palm oil (PO) for comparison. 
 
 
Table 1.3: Percentage of fatty acid composition in palm kernel, coconut and palm oil 
(Pantzaris and Ahmad, 2001). 
 
Fatty acids Palm kernel oil (PKO)1 Coconut oil (CNO)2 Palm oil (PO)3
C6   0.3  0.4 - 
C8   4.2  7.3 - 
C10   3.7  6.6 - 
C12 48.7 47.8   0.2 
C14 15.6 18.1   1.1 
C16  7.5   8.9 44.1 
C18  1.8   2.7   4.4 
C18:1 14.8   6.4 39.0 
C18:2  2.6   1.6 10.6 
Others  0.1   0.1      0.754
Notes: 1PORIM Survey 1984, n = 68. 
 2Leatherhead Food RA, Surrey, UK, Survey 1990, n = 35. 
 3PORIM Survey of RBD PO 1989, n = 244. 
 4Others = C18:3 0.37%, C20:0 0.38%. 
 
 
   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
Figure 1.2: Solid fat content of cocoa butter, palm kernel oil product and palm oil 
(Pantzaris and Ahmad, 2001). 
 Palm oil contains about 1% minor components. The major constituents are 
carotenoids, vitamin E and sterols (Basiron and Chan, 2004).  The carotene concentration 
is around 500 to 700 ppm. Carotene has been concentrated from palm oil successfully.  
The concentrate is rich in pro-vitamin A which is normally destroyed during processing.  
The major carotenes in the carotenoid concentrate are alpha and beta-carotenes and they 
can be diluted to various concentrations, from 1% to 30%.  The vitamin E content in palm 
oil is unique in that it is about 600 to 1,000 ppm.  It is present as tocotrienols (70%) rather 
than tocopherols (30%).  It confers on the oil a natural stability against oxidation and a 
longer shelf-life as well as a potent ability to reduce low density lipoprotein-cholesterol 
and anti-cancer properties.  Palm oil also contains 250 to 620 ppm sterols.  Beta-sitosterol 
is the major constituent at 60%.  It is potentially hypocholesterolemic. 
 
 
 
 
1.3 Palm Oil Processing 
 
 
The process flow-sheet for palm oil extraction can be briefly described as follows.  
The fresh fruit bunches (FFB) are harvested in bunches and sent to the mill for processing 
as show in Figure 1.3.  Each FFB consists of hundreds of fruitlets each containing a nut 
surrounded by a bright orange pericarp which contains the palm oil (Borja and Banks, 
1994).  These bunches are steam sterilized at a pressure of 3 bar where the fruits soften 
and are easily detached from the stalk.  These detached fruits are further softened with 
steam in digesters.  The digester mash is then passed to the screw press where oil together 
with the juice from the fruits is expressed.  The crude oil slurry which is expressed may 
contain approximately 48% oil, 45% water and 7% solids (Chow and Ho, 2000).  Some of 
the water in this slurry is actually steam condensate from the sterilization, digestion and 
screw pressing where steam is injected into the respective machinery to maintain the high 
temperature required throughout the milling process.   
 
 
Hot water is further added to the crude oil slurry to reduce the viscosity so that the 
oil will cream to the surface which assists in its separation in large clarification tanks 
(Borja and Banks, 1994).  The underflow from the lower section of the clarification tank 
is centrifuged to remove as much of the heavier phase consisting of solids and water.  
This watery phase or sludge is discharged and any oil found here constitutes oil loss as it 
is discharged as effluent.  The lighter phase from the centrifuge, which consists of oil and 
water, is recycled to the clarification tank.  The creamed palm oil from the surface of the 
clarification tank is then skimmed and further purified, dried and sold as crude palm oil 
(CPO) to the refinery for further processing. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1.3: Flow diagram of palm oil extraction (Chow and Ho, 2000). 
 
 
In the refinery, the CPO is processed to remove most of the undesirable impurities 
thus making the oil bland, colourless and chemically stable according to trade 
specifications and consumer requirements.  There are basically two types of refining 
practiced by the Malaysian palm oil refiners, chemical and physical refining (Chow and 
Ho, 2000).  The two processes differ in treatment of the oil and result in differently 
labeled oils as illustrated in Figure 1.4.  In the mill, as the CPO is extracted there is no 
continuous on-line monitoring of quality but the impurities present are only of botanical 
origin from the palm fruits.  In the final quality assessment when sold to the refineries, 
only certain contractual specifications are measured.  They are free fatty acid, moisture, 
peroxide value, and impurities which determines the degree of oxidation.  
Correspondingly, in the trading of refined palm oil, the same sets of contractual 
specifications are required with the additional requirement of colour.  These parameters 
are used to assess not only the initial quality of CPO but also the amount of bleaching 
earth required which is one of the major costs incurred in CPO refining.  No form of 
continuous monitoring is known in palm oil refining. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1.4: Refining processes for crude palm oil (Chow and Ho, 2000). 
 
 
1.4 Potential Adverse Environmental Impacts and Environmental Improvement 
in Sustainable Development of Palm Oil Industry 
 
 
 The potential for adverse environmental impacts of this rapid transformation of 
natural forests to monoculture are primarily ecological.  There are also the environmental 
implications and typical environmental problems associated with plantation agriculture 
such as soil erosion and loss of soil fertility during land preparation, water pollution due 
to application of fertilizers and pesticides, and agricultural runoff and others.  However, it 
is in the processing of the oil palm crop or fresh fruit bunch (extraction of crude palm oil) 
that this agro-industry was notable in the 60’s and 70’s for its adverse impact of extensive 
pollution of the country’s surface water (Department of Environment, 1999). 
 
 
 A significantly large quantity of water is required in the palm oil extraction 
(Ahmad et al., 2003).  For this reason, palm oil mills are typically located close to rivers 
and streams that provide them with the needed water supply.  In addition, being a 
plantation based industry, palm oil mills are primarily located within the estates that 
supply the oil palm fruit and these estates may stretch far into the interior of the country.  
Because of the interior location, the discharges of palm oil mill effluent (POME) have the 
potential to pollute the receiving waterways from all the way upstream.  Thus, riverine 
communities and users of rivers and streams are very vulnerable to the adverse pollution 
impact of indiscriminate discharges of POME. 
 
 
 The organic content of raw POME, as measured by the Biochemical Oxygen 
Demand (BOD; 3 days, 30 °C), typically averages about 25,000 mg/L; the oil content of 
the effluent may ordinarily exceed 6,000 mg/L.  This highly polluting wastewater can 
therefore cause severe pollution of waterways due to oxygen depletion and other related 
effects.  The daily POME volume and the population equivalent of the raw effluent BOD 
load discharged by an average sized palm oil mill (30 tonnes FFB per hour) are 600 m3/d 
and 300,000 persons, respectively (Department of Environment, 1999). 
 
 
 Palm oil mills use the palm fiber and shell as solid boiler fuel to co-generate 
needed steam and electricity.  In the past, palm oil mills also typically employed an 
incinerator to burn the empty bunches and recover the residual potash for use as fertilizer 
in the plantation.  Poor control of the air emissions from these facilities often caused 
localized problems of air pollution (Department of Environment, 1999).  However, the oil 
palm industry is presently using the empty fruit bunches waste for mulching and POME 
as fertilizer. During replanting, the trunks and fronds are chipped and left in the inter-
rows as mulch under the zero-burn practice (Basiron and Chan, 2004). 
 
 
 Palm oil can be burnt directly as boiler fuel or as diesel for power generation and 
vehicle propulsion.  Besides, palm oil can be emulsified to palm diesel or methyl diesel.  
The biomass from the mill, such as EFB, fiber and shell, can be used for electricity 
generation.  More than 10 out of the country’s 360 mills are applying to supply electricity 
to Tenaga Nasional Berhad.  New technologies are now available to harness the biogas 
from effluent ponds for power generation.  The total value of biogas energy available 
from the mills is estimated to be RM 1 billion (Basiron and Chan, 2004).  It is also 
estimated that if all the biogas is used for the mill operation, then all the fiber and shell 
can be freed for generating electricity for sale. 
 
 
 
 
1.5 Problem Statements 
 
 
The process to extract the oil requires significantly large quantities of water for 
steam sterilizing the palm fruit bunches and clarifying the extracted oil.  It is estimated 
that for 1 tonne of crude palm oil produced, 5 to 7.5 tonnes of water are required, and 
more than 50% of the water will end up as palm oil mill effluent (Ahmad et al., 2003).  
Thus, while enjoying a most profitable commodity, the adverse environmental impact 
from the palm oil industry cannot be ignored. 
 
 
The oil and grease (O&G) content of POME is an important consideration in the 
handling and treatment.  O&G are singled out for special attention as their poor solubility 
in water.  Oil in wastewaters has to be removed in order to prevent interfaces in water 
treatment units, reduce fouling in process equipment, avoid problems in biological 
treatment stages and comply with water discharge requirements (Ahmad et al., 2005).  
Hence the removal of residue oil from process or waste effluent becomes environmentally 
important. 
 
 
POME is an important source of inland water pollution when released into local 
rivers or lakes without treatment.  With increased cultivation and production of palm oil 
in the region, the disposal of the processing waste is becoming a major problem that must 
be appropriately addressed.  Thus, the challenge of balancing the POME into a more 
environmental friendly waste requires a sound and efficient treatment and disposal 
approach. 
 
 
 
 
1.6 Scopes of Study 
 
 
 The laboratory scale upflow anaerobic sludge blanket (UASB) reactor being used 
was the existing acrylic material made cylindrical reactor without three phase’s separator.  
The sludge was taken from the previous UASB microbial study.  The sludge volume in 
the reactor was controlled between 4.0 to 4.5 L levels.  The raw POME samples were 
collected only from the Felda Palm Industries Sdn. Bhd., Kilang Sawit Bukit Besar, in 
Kulai, Johor Darul Takzim.  Tap water was used for raw POME samples dilutions.  Large 
and bulky materials in the raw POME samples were removed before the samples dilutions.   
 
 
 
 
1.7 Objectives of Study  
  
 
This study aimed to evaluate the biodegradation of oil and grease content in raw 
POME using UASB reactor.  The objectives of this study were as follows: 
i. To determine the oil and grease (O&G) biodegradation for the treatment of raw 
POME using UASB reactor, 
ii. To determine chemical oxygen demand (COD) removal efficiencies for the 
treatment of raw POME using UASB reactor, 
iii. To evaluate the UASB’s performance in relation to various control variables with 
the biodegradation of O&G and removal of COD as the responses of the variables. 
